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Abstract
Many new physics models predict the existence of TeV-scale charged gauge boson W ′ together with
Higgs-boson(s). We study the W ′WH interaction and explore the angular distribution of charged lepton
to distinguish W ′RWH from W
′
LWH in the pp → HW → b¯blν process at the LHC. It is found that a new
type forward-backward asymmetry(AFB) relating to the angle between the direction of the charged lepton
in the W rest frame and that of the reconstructed W ′ in the laboratory frame is useful to investigate the
properties of W ′WH interaction. We analyze the standard model backgrounds and develop a set of cuts
to highlight the signal and suppress the backgrounds at LHC. We find that AFB can reach 0.03(-0.07) for
W ′R(W ′L) production at
√
S = 14 TeV.
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I. INTRODUCTION
Although the standard model (SM) of particles is extremely successful in phenomenology,
there are remaining problems not well understood, such as the gauge hierarchy problem, the
origins of fermion masses, mixing and P/CP violation etc. The SM fails to explain the baryon-
antibaryon asymmetry in the universe and cannot provide a viable dark matter candidate. It is
commonly believed that the SM can only be a low energy effective theory of a more fundamental
theory. There already exists various well-motivated new physics models beyond the SM, such as
the supersymmetric models [1–3], models with extra dimensions [4–7], the little Higgs models
[8–11] and the left-right symmetric models (LRSMs) [12–16], etc. Most new physics models
introduce new heavy particles, such as the new neutral (Z′) and charged (W ′) gauge bosons,
etc. The signals of these new gauge bosons at the LHC have been extensively studied [17–24].
If the new particles beyond SM are discovered, one needs to go a step further to know their
properties such as masses and couplings to the SM particles. In a recent analysis [25], it has
been shown that the chirality of the charged gauge boson to the SM fermions can be determined
by an angular distribution asymmetry of the final state leptons in the process pp → W ′L,R → t ¯b
followed by t → blν, which is useful in distinguishing different new physics models.
Of course, one of the primary goals of the LHC is to discover the light Higgs-boson which is
essential for testing the electroweak symmetry breaking in the SM. In proton-proton collision, the
gluon fusion, gg → H, is the dominant channel for Higgs boson production throughout the Higgs
mass range in the SM. Current electroweak fits, together with the LEP exclusion limit, favor a
light Higgs around 120 GeV [26], where H → b¯b decay mode is dominated. However gg →
H → b¯b is overwhelmed by the large QCD backgrounds. Thus the rare channel gg → H → γγ
is explored to be a golden channel for light Higgs searching at LHC due to the clean background.
There are also other important Higgs-boson production processes, such as vector boson fusion
and the associated production with t¯t, W± and Z, etc. A detailed review can be found in [27].
Once a light Higgs boson is found, one still needs to know if it belongs to the SM or some other
new physics models, as many new physics models contain one or more Higgs bosons which may
have different properties such as flavor changing interactions with SM fermions, or coupling to
other new particles such as the new gauge bosons W ′ and Z′.
If both the new gauge bosons and the light Higgs bosons are discovered at the LHC,
investigating the possible interaction between them will shed light on the nature of the underlying
new physics. A particularly interesting interaction is the coupling of Higgs to the new charged
gauge boson W ′ and the SM charged gauge boson W. In general, this type of coupling appears
when the Higgs boson is charged under more than one nonabelian gauge group or there exists
mixing between the Higgs bosons of different type. The W ′WH coupling appears in various
models such as the extra dimension models, the little Higgs models and the left-right symmetry
models. But the nature of the W ′ involved in the interactions may be quite different.
The W ′WH coupling is of particular importance in probing the LRSM. Unlike the extra
dimension models and the little Higgs models, the W ′ in the LRSM couples mostly to right-
handed SM fermions. The existence of the W ′WH interaction arises from the bi-doublet nature
of the Higgs boson which is essential for generating fermion masses in this model.
In this paper we shall focus on searching for the signal of the possible coupling W ′WH
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at the LHC and determining the chirality of W ′, which may not only provide complementary
information on properties of the W ′ from other channels such as W ′ → tb but also reveal the
nonstandard interactions of the light Higgs boson. We would like to use the following process
pp → W ′(W) → HW → b¯blν, (1)
to explore the W ′WH interaction. We show that the chirality of W ′ coupling to fermions is
correlated to the angular distribution of the final charged leptons through the W ′WH vertex. A
new type of forward-backward asymmetry determined by the angle between the direction of the
charged lepton and that of the final particle system indicates the different properties between
W ′RWH and W ′LWH.
This paper is organized as follows. In Sec. II, we briefly discuss the coupling of W ′WH from
the LRSM and other models and give the formulas for the differential cross section. The angular
correlations of the final states related to the process qq¯′ → W ′(W) → HW → b¯blν are shown
as well. In Sec. III, the numerical results of pp → W(W ′) → HW with H → b¯b, W → lν are
presented. We finally give a short summary in Sec. IV.
II. THEORETICAL FRAMEWORK
A. W ′WH vertex in new physic models
The W ′WH vertex appears in many new physics models. As an example we first consider the
LRSM in which the W ′WH coupling strength is large. In the LRSM, the gauge group is expanded
to S U(2)L × S U(2)R × U(1)B−L, and the right-handed fermions are doublets under S U(2)R. To
obtain the gauge invariant Yukawa interaction, one must introduce at least one Higgs bi-doublet
φ =
(
φ01 φ
+
1
φ−2 φ
0
2
)
, (2)
which transforms as a doublet under both S U(2)L and S U(2)R. Therefore, it couples to both the
left-handed and right-handed gauge bosons WL and WR. In a version of the minimal LRSM [14,
28], two higgs triplets ∆L,R are introduced to break the left-right symmetry and generate the tiny
neutrino masses
∆L =
(
δ+L/
√
2 δ++L
δ0L −δ+L/
√
2
)
, ∆R =
(
δ+R/
√
2 δ++R
δ0R −δ+R/
√
2
)
. (3)
The vacuum expectation value of the right-handed triplets 〈δ0R〉 = vR breaks the symmetry
S U(2)L×S U(2)R×U(1)B−L to S U(2)L×U(1)Y , and the vacuum expectation value of the bidoublet
〈φ〉 = 1√
2
(
k1 0
0 k2
)
, (4)
breaks the electroweak gauge symmetry with k+ =
√
k21 + k22 ∼ 246 GeV. The minimal LRSM
predicts that the masses of charged gauge bosons are
M21,2 =
g2
4
k2+ + v2R ∓
√
v4R + 4k21k22, (5)
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with tan β = k1/k2 and mixing angle tan 2ζ = −2k1k2/v2R. Barenboim etal. obtained a upper
bound for the mixing angle |ζ | < 0.0333 from the muon decay[29]. An upper limit of |ζ | < 0.005
on the mixing angle is derived from semileptonic decay data by Wolfenstein[30]. The limit of
tan β can be obtained from the following expression
tan 2ζ = − 2 tan β
1 + tan2 β
(
k+
vR
)2
≈ − 2 tan β
1 + tan2 β
(
mW
mW′
)2
. (6)
In the case of mW′ =1 TeV, the lower limit of tan β is 1.4 for |ζ | < 0.003[31]. Thus in the LRSM
the W ′ is mostly right-handed, i.e. W ′ ≈ W ′R and W ≈ WL.
The couplings of W ′R to the quarks have the following form
L = gR
2
√
2
VRi jq¯iγµ(1 + γ5)q′jW ′µR + · · · + h.c., (7)
with gR the coupling constant and VRi j the right-handed Cabibbo-Kobayashi-Maskawa quark-
mixing matrix (CKM) elements. From the Higgs kinetic terms one obtains the W ′WH coupling
gW′RWH = gLgRk+
tan β
(1 + tan2 β) . (8)
The coupling strength for WWH is gWWH = g2k+/2 ≃ gmW .
In other models such as extra dimension models and Little Higgs models the extra charged
gauge bosons W ′ couple to left-handed fermions. The coupling strengths are proportional to the
left-handed CKM matrix elements.
L = gL
2
√
2
VLi jq¯iγµ(1 − γ5)q′jW ′µL + · · · + h.c.. (9)
We parametrized the W ′LWH vertex as
W ′±L W∓H −→ (−i)R gWWH gµν, (10)
where R is a model-dependent parameter. For simplicity, as an example, we suppose R = sin 2β,
which provides the identical coupling gW′RWH = gW′LWH for W
′
RWH and W ′LWH vertexes. We also
set gL = gR = g and VLi j = VRi j = Vi j.
The W ′ mass is limited by both the experimental results and theoretical analysis [32]. A
W ′ boson with mass less than 788 GeV and 800 GeV is excluded by CDF through the decays
W ′ → lν [33] and W ′ → t ¯b [34]. The D0 collaboration obtains a lower bound at 1 TeV for a
SM-like W ′ [35]. A global fit result [36], considering the Fermi constant, Z-mass, etc., shows
the lower W ′ mass bound about 300 GeV. Otherwise, with reasonable fine-tuning restrictions one
could obtain MW′ > 300 GeV [37]. As well as the low energy experiments, i.e., electron-hadron,
neutrino-hadron and neutrino-electron processes restrict the mass of W ′ above 875 GeV [38]. It
is pointed out that the neutral current phenomena can provide limits to W ′ mass [39], and it is
summarized in [40] that the W ′ will be 2-3 TeV. From the KL − KS mixing, the W ′ is limited
to above 1.6 TeV [41], and is up to 2.45 TeV including CP-violation restrictions [42, 43]. The
constraint from neutral K meson mass difference ∆mK demonstrates that the W ′ mass well below
1 TeV is allowed due to a cancellation caused by a light charged Higgs boson [44], while it
is improved to 2.5 TeV and 4 TeV from ∆mB and neutron electric dipole moment constraints
[45–47].
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FIG. 1: Lowest-order Feynman diagram at the tree level for process (12) and (13).
B. HW production via qq¯′ annihilation
The search for Higgs particles is one of the most important endeavors at LHC. Various
channels can be exploited at hadron colliders to search for a Higgs boson. In addition to
gg → H → γγ, Higgs-boson production in association with W or Z bosons through qq¯′
annihilation,
pp → HV + X (H → b¯b,V = W or Z), (11)
is another promising discovery channel for a SM Higgs particle with mass below about 135GeV
[32, 48–52]. If W ′ boson exits, it will enhance the cross-section around W ′ mass. In this paper
we study the properties of W ′WH interaction via the following processes(Fig.1),
q(pq)q¯′(pq¯) → W+ → HW+ → b(pb)¯b(p¯b)l+(pl)ν(pν), (12)
q(pq)q¯′(pq¯) → W ′+ → HW+ → b(pb)¯b(p¯b)l+(pl)ν(pν), (13)
where pq, pq¯, etc. respectively denote the 4-momentum of the corresponding particles. H is a
SM-like Higgs decaying to b¯b dominantly, thus it can be reconstructed from two b-jets at LHC.
The corresponding matrix element square averaged over the spin and color of initial partons is
given by
|M|2 =
2 f 2b¯bH |Vpq¯′ |2(pb · p¯b)
((s3 − m2H)2 + Γ2Hm2H)
{ 4g4g2WWH(pq · pl)(pq¯ · pν)
((s1 − m2W)2 + Γ2Wm2W)((s2 − m2W)2 + Γ2Wm2W)
+
g2g2L(R)g
2
W′L(R)WH
[(1 + A)2(pq · pν)(pq¯ · pl) + (1 − A)2(pq · pl)(pq¯ · pν)]
((s1 − m2W′)2 + Γ2W′m2W′)((s2 − m2W)2 + Γ2Wm2W)
+
2ggLgW′LWHgWWH(1 − A)2(pq · pl)(pq¯ · pν)
[
(s1 − m2W′)(s1 − m2W) + ΓW′mW′ΓWmW
]
((s1 − m2W′)2 + Γ2W′m2W′)((s1 − m2W) + Γ2Wm2W)((s2 − m2W) + Γ2Wm2W)
 ,
(14)
where s1 = sˆ = 2pq · pq¯, s2 = 2pl · pν, s3 = 2pb · p¯b, fb¯bH is the Yukawa coupling of b¯bH
interaction, and Vpq¯′ is the CKM matrix element. ΓH, ΓW and ΓW′denote the Higgs, W and W ′
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FIG. 2: The angular distribution for the final charged lepton at parton level with
√
sˆ = 1 TeV. The
solid(dashed) line is the result of the left-(right-) handed W ′ with MW′ = 1 TeV.
width, respectively, and theW ′ width is listed in the Appendix. The first two terms in Eq.(14)
stand for the matrix element square for process (12) and (13) respectively, and the third term is
their interference term. A =1(-1) stands for right-(left-)handed W ′. Obviously the interference
term disappears for the case of right-handed W ′ production. The cross section at parton level can
be written as
σˆ(sˆ) =
∫ |M|2
2sˆ
(2pi)4δ(4)

∑
f
p f − pq − pq′

∏
f
d3p f
(2pi)32E f , (15)
where f = b, ¯b, l+, ν. From the second term in Eq.(14), one can notice that the angular distribution
of the charged lepton is different for the left- and right-handed W ′ bosons. In order to show this
point clearly, we define the angle between the 3-momentum p∗l of the charged lepton in the W
rest frame, and that(pq) of the initial quark in the qq¯′ center of mass system as
cosθlq =
p∗l · pq
|p∗l | · |pq|
. (16)
The differential distribution 1/σˆdσˆ/d cos θlq for the partonic process qq¯′ → W ′ → HW → b¯bl+ν
at
√
sˆ =1 TeV is displayed in Fig.2. Obviously, the charged leptons, produced through W ′L(W ′R),
tend to move along the direction of the initial antiquark(quark), i.e., the W ′RWH and W ′LWH
interaction may be distinguished from this kind of angular distribution.
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FIG. 3: The total cross section distribution for process pp → W ′+ → HW+ → b¯bl+ν with m′W at LHC for
(a) √s = 7 TeV and (b) √s = 14 TeV. The solid (dashed)lines stand for W ′L(W ′R).
III. NUMERICAL RESULTS
For the processes
pp → W ′+(W+) → HW+ → b¯bl+ν, (17)
the total cross section can be expressed as
σ =
∫
dx
∫
dyqi(x)q¯ j(y)σˆ(sˆ) (18)
where q(x)(q¯(y)) is the parton distribution function of quark(antiquark). CTEQ6l1 [53] is
used in this work. To obtain the numerical results we adopt the parameters limited in the
LRSM framework related to the W ′R production. For simplicity we use the same values for W ′L
production.
The total cross section for
pp → W ′+ → HW+ → b¯bl+ν (19)
at LHC versus mW′ is shown in Fig.3. With a luminosity of 100 fb−1 at LHC, A W ′ boson
production could be detected with mass up to 2(3) TeV if tan β =10, and up to 2.5(4) TeV
if tan β =5. The discrepancy between W ′R and W ′L is due to the different total decay widths.
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FIG. 4: The total cross section distribution for process pp → W ′+ → HW+ → b¯bl+ν with tan β at LHC.
The solid (dashed)lines stand for W ′L(W ′R).
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FIG. 5: The differential distribution with M for process pp → HW+ → b¯bl+ν. The solid (dashed) lines
are contributed by W ′L + S M (W ′R + S M), and the dotted lines are only the results of SM.
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FIG. 6: The angular distribution of the charged lepton for process (19) with √s = 7 TeV and 14 TeV. The
solid (dashed) lines are the results for W ′L(W ′R).
The cross section related to tan β for mW′ =1 TeV is displayed in Fig.4. It is found that up
to tan β =70, the process (19) might be observed with luminosity of 100 fb−1 at LHC. In our
following numerical studies, we set tan β =5 and mW′ =1 TeV.
Figure5 shows the differential distribution dσ/dM of process (17), where
M =
√
(pb + p¯b + pl+ + pν)2. (20)
The W ′ production induces a resonance peak around the W ′ mass threshold. For the W ′R
production, the interference between the W ′ and W bosons is zero, while for the W ′L the
interference term (Eq.(14)) is negative in the region of mW < M < M′W which causes a dip
in the curve and inversely a positive enhancement to the cross section for the case of MR > MW′ .
This discrepancy can provide some useful information to distinguish the W ′LWH from W ′RWH.
Following the analysis in Sec. II B, we begin to investigate the angular distribution of charged
leptons at hadronic level. Since the LHC is a proton-proton collider, the quark can identically
come from either proton, and the charged lepton angular distribution will be symmetrized,
unless we distinguish the direction of the quark from that of the antiquark. It can be achieved
approximately based on the argument that an initial quark takes a larger momentum fraction
than an initial antiquark on average, since the former is a valence quark in the proton and the
latter a sea quark. Hence the final particle system (b¯bl+ν) will move along with the initial quark
with a large probability. This means one can define the total momentum of final particle system
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FIG. 7: The angular distribution of charged lepton for process (17) after all cuts with √s = 7 TeV and 14
TeV. The solid(dashed) lines are the results for W ′L(W ′R).
p = pb +p¯b +pl+ +pν instead of the quark’s to redefining the charged lepton angular distribution,
cos θ∗ =
p∗l · p
|p∗l | · |p|
. (21)
The differential distribution 1/σdσ/d cos θ∗ for the process (19) with |p| , 0 is displayed in
Fig.6. It is found that the distributions corresponding to W ′R and W ′L production have different
behavior which may be used to discriminate the W ′RWH and W ′LWH interaction.
To determine the W ′ chiral coupling from the angular distribution, one must consider the
momentum of the final states (b¯blν). To be as realistic as possible, we simulate the detector
performance by smearing the lepton and b(¯b) quark energies according to the assumed Gaussian
resolution parametrization
σ(E)
E
=
a√
E
⊕ b, (22)
where σ(E)/E is the energy resolution, a is a sampling term, b is a constant term, and ⊕ denotes
a sum in quadrature. We take a = 5%, b = 0.55% for leptons and a = 100%, b = 5%
for jets respectively[54]. Since the neutrino is an unobservable particle, one has to utilize
kinematical constraints to reconstruct its 4-momentum. Its transverse momentum can be obtained
by momentum conservation from the observed particles
pνT = −(plT + pbT + p¯bT ), (23)
10
7 TeV 14 TeV
no cut cut I+II no cut cut I+II
W ′L W
′
R W
′
L W
′
R W
′
L W
′
R W
′
L W
′
R
σ( f b) 45.9 50.3 0.97 1.38 129 143 4.53 6.30
AFB -0.38 -0.35 -0.10 -0.01 -0.35 -0.31 -0.07 0.03
TABLE I: The total cross-section and the forward-backward asymmetry before and after cuts with
√
S =
7TeV and 14TeV at the LHC.
but the longitudinal momentum can not be determined in this way due to the unknown boost of
the partonic c.m. system. Alternatively, it can be solved with two-fold ambiguity through the on
shell condition for the W-boson
m2W = (pν + pl)2. (24)
Furthermore one can impose the on-shell condition for the W ′-boson to remove the ambiguity.
For each possibility we evaluate the total invariant mass M as defined in Eq.(20) and pick up
the solution which is closest to the W ′ mass. With such a solution, one can reconstruct the
4-momentum of the neutrino.
In our following numerical calculations, we apply the basic acceptance cuts(referred as cut I)
pT (l) > 50 GeV, |η(l)| < 2.5, pT ( j) > 50 GeV, |η( j)| < 3.0, E/T > 50 GeV,
|yc| > 0.1, (25)
where yc is the rapidity of the reconstructed W ′ in the laboratory frame.
To purify the signal, we adopt |M − MW′ | < 100 GeV and |Mb¯b − MH | < 10 GeV as further
cuts (referred to as cut II), where Mb¯b is the invariant mass of b¯b.
In Fig.7, we display the normalized differential distribution 1/σdσ/d cos θ∗ with all above
cuts. Though the neutrino reconstruction may reduce the difference of the angular distribution
between the W ′L and W ′R production processes, the discrepancy still exists. In order to explore
this kind of discrepancy to discriminate the W ′RWH and W ′LWH interaction, we define a forward-
backward asymmetry as follows
AFB =
σ(cosθ∗ ≥ 0) − σ(cosθ∗ < 0)
σ(cosθ∗ ≥ 0) + σ(cosθ∗ < 0) . (26)
The total cross section together with AFB for process (17) are listed in Table.I at
√
S = 7(14)
TeV. It is found that it is possible to distinguish W ′R from W ′L with cuts. If the luminosity can be
accumulated to 300 f b−1 at √S = 14 TeV, about 1500 events may be found, and AFB can reach
0.03(-0.07) for W ′R(W ′L).
Finally, we consider the dominant backgrounds for our signal, i.e., Wbb, WZ and t ¯b [56]. The
Madgraph [55] software package is used in our simulation. The cross sections after each cut are
listed in table.II. Obviously, after all cuts, the total cross section of the dominant backgrounds is
much lower than that of the signal.
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7 TeV 14 TeV
cut I cut I+II cut I cut I+II
t¯b 0.61 0.005 11.2 0.01
Wb¯b 23.9 0.04 63.8 0.08
WZ 6.69 0.01 16.6 0.02
TABLE II: The total background cross-section after cuts with
√
S = 7TeV and 14TeV at the LHC(unit of
f b).
IV. SUMMARY
Many theories beyond SM predict the existence of new heavy charged gauge boson W ′ and
searching for Higgs boson at LHC motivates us to investigate the W ′WH interaction. In order
to understand its properties, we study the process of pp → W ′+(W+) → HW+ → b¯bl+ν in
this work. because of the resonance effect of the intermediate W ′, there appears a peak in the
invariant mass spectrum of the final states, and for the W ′L production, a dip appears in the region
of mW < M < M′W induced by the interference term. Our numerical results reveal that the
angular distribution dσ/d cos θ∗ and the forward-backward asymmetry AFB can provide helpful
information for the W ′WH interaction. It is found that for mW′ =1 TeV, AFB can reach about
0.03(-0.07) for W ′RWH(W ′LWH) at LHC(
√
S = 14TeV). The backgrounds are estimated and
largely suppressed by the kinematical constraints. Once the W ′ → HW process is observed
and enough number of events are accumulated, our method can be used to study the W ′WH
interaction and discriminate W ′RWH from W ′LWH so that it is possible to distinguish different
new physics models including W ′WH interaction.
Acknowledgments
This work is supported in part by the NSFC and the Natural Science Foundation of Shandong
Province (JQ200902).
Appendix A: W ′ decay width
For estimating the cross section of q′q¯ → W ′L(R) → HW, a narrow width approximation is
used. The decay width of W ′ is given in the following parts. In this LRSM we have forbidden W ′
from decaying into heavy right-handed neutrinos. The width for W ′ decaying to a pair of quarks
is
Γ(W ′L(R) → qq¯′) =
mW′
16pi |Vqq¯′ |
2g2g2L(R), (A1)
Γ(W ′L(R) → t ¯b) =
mW′
16pi |Vqq¯′ |
2g2g2L(R)(1 −
m2t
m2W′
)(1 − m
2
t
2m2W′
− m
4
t
2m4W′
). (A2)
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The width for W ′ decaying to W-boson and Higgs is
Γ(W ′R → HW) =
g2W′Wφ
24pim2W′
p f [−6 +
(m2W′ + m2W − m2φ)2
4m2W′m2W
], (A3)
Γ(W ′L → HW) =
g2S M
24pim2W′
p f [−6 +
(m2W′ + m2W − m2φ)2
4m2W′m2W
], (A4)
p f =
√
(m2W′ − (mW + mφ)2)(m2W′ − (mW − mφ)2)
2mW′
, (A5)
where the coupling is the same as the SM for W ′L, gS M = k+g2/2. It is Left-right symmetry for
W ′L and W ′R in the above channel, while this symmetry is violated in the leptonic decay. Because
of the heavy mass of the right-handed neutrinos, the W ′R decay to leptons is not allowed . The
leptonic decay width is only
Γ(W ′L → liνi) =
m2W′
48pi
g2g2L. (A6)
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